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Abstract
Technological innovations in energy-intensive industries (EIIs) 
have traditionally emerged within the boundaries of a specific 
sector. Now that these industries are facing the challenges of 
deep decarbonisation and a significant reduction in green-
house gas (GHG) emissions is expected to be achieved across 
sectors, cross-industry collaboration is becoming increasingly 
relevant for low-carbon innovation. Accessing knowledge and 
other resources from other industrial sectors as well as co-de-
veloping innovative concepts around industrial symbiosis can 
be mutually beneficial in the search for fossil-free feedstocks 
and emissions reductions. In order to harness the potential 
of this type of innovation, it is important to understand not 
only the technical innovations themselves, but in particular the 
non-technical influencing factors that can drive the success-
ful implementation of cross-industry collaborative innovation 
projects. 
The scientific state of the art does not provide much insight 
into this particular area of research. Therefore, this paper builds 
on three separate strands of innovation theory (cross-industry 
innovation, low-carbon innovation and innovation in EIIs) and 
takes an explorative case-study approach to identify key influ-
encing factors for cross-industry collaboration for low-carbon 
innovation in EIIs.
For this purpose, a broad empirical database built within the 
European joint research project REINVENT is analysed. The 
results from this project provide deep insights into the dynam-
ics of low-carbon innovation projects of selected EIIs. Further-
more, the paper draws on insights from the research project 
SCI4Climate.NRW. This project serves as the scientific compe-
tence centre for IN4Climate.NRW, a unique initiative formed 
by politicians, industry and science to promote, among other 
activities, cross-industry collaboration for the implementation 
of a climate-neutral industry in the German federal state of 
North Rhine-Westphalia (NRW).
Based on the results of the case study analysis, five key influ-
encing factors are identified that drive the implementation of 
cross-industry collaboration for low-carbon innovation in EIIs: 
Cross-industry innovation projects benefit from institutional-
ised cross-industry exchange and professional project manage-
ment and coordination. Identifying opportunities for regional 
integration as well as the mitigation of financial risk can also 
foster collaboration. Lastly, clear political framework conditions 
across industrial sectors are a key driver.
Introduction
The need for deep decarbonisation is one of the key challenges 
facing EIIs in the twenty-first century. It requires radical tech-
nological innovation, as key production processes need to be 
replaced by fossil-free, emissions-free alternatives. Incremen-
tal efficiency improvements are no longer sufficient and tradi-
tional innovation strategies within sectoral and organisational 
boundaries are beginning to reach their limits. Companies have 
started looking beyond their own industries in the search for 
knowledge, technologies and resources that can help them de-
carbonise their production processes. This assumption can be 
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derived at least from the results of two projects dealing with 
low-carbon innovations in energy-intensive industries, REIN-
VENT1and SCI4Climate.NRW2. 
This paper therefore addresses the role that cross-industry 
collaboration can play for low-carbon innovation in EIIs, and 
at the non-technical factors that influence these cross-industry 
innovations. With this rather explorative approach we aim to 
generate inductively derived findings on the following research 
question: What are key factors influencing the successful im-
plementation of cross-industry collaboration projects for low-
carbon innovation in EIIs?
The qualitative data collected in the projects REINVENT and 
SCI4Climate.NRW provide first insights into possible influenc-
ing factors of such innovation processes. The data are derived 
from a total of four case studies, three of which were carried out 
within the REINVENT project and the fourth case comprises 
the SCI4Climate.NRW project, as an independent case outside 
the REINVENT project. In addition to these case studies, a brief 
overview of the relevant literature in the fields of cross-industry 
innovation, low-carbon innovation and innovation in EIIs is 
given here in order to be able to make a possible classification 
of the observations resulting from the cases into theoretical 
approaches. Using this exploratory approach, we describe pat-
terns in the four cases and interpret them based on the litera-
ture review. In doing so, we arrive at a set of five key factors that 
can drive cross-industry innovation to decarbonise EII.
Cross-industry innovation – a fairly recent concept
Innovation strategies of companies in the 20th century could 
mostly be attributed to the so-called closed innovation ap-
proach. Internal research and development (R&D) depart-
ments would rarely leave defined company boundaries. Ideas 
were either developed directly inside the R&D department or 
generated elsewhere in the company and subsequently inter-
nally developed, produced and marketed. This way, a company 
could boost its competitiveness by investing more in R&D than 
its competitors did, and use the resulting time advantage and 
generated profit to stay ahead in the next iteration of the in-
novation cycle. While this inwardly focused approach worked 
well with the knowledge landscape at the time, later develop-
ments forced the companies to rethink their innovation strat-
egy: R&D cycles grew shorter, development costs rose rapidly 
and securing internal knowledge became more difficult as the 
number and mobility of knowledge workers increased. As ven-
ture capital became more readily available, it got easier for in-
novators to leave established companies and instead develop 
their ideas in start-ups. Knowledge, as the key to identifying 
and exploiting innovations, is therefore more readily available, 
leading companies to open up their innovation process (Ches-
brough, 2003; Mölter et al., 2017).
This open innovation approach describes a new paradigm, 
which combines both internally and externally generated 
knowledge and ideas. Open innovation alliances can take the 
shape of horizontal collaboration, in which competitors with 
different capabilities co-operate, or vertical collaboration with 
1. https://www.reinvent-project.eu/
2. https://www.in4climate.nrw/en/stakeholders/scientific-community/
suppliers and customers. Depending on the direction of the 
knowledge flow, the open innovation may be referred to as an 
inside-out process (sale or licencing of a technology to others) or 
outside-in process (stakeholder integration and external sourc-
ing of technology). An open innovation process that combines 
both is referred to as a coupled process, which may take the 
shape of a strategic alliance or joint venture (Inauen & Schenk-
er-Wicki, 2011; World Economic Forum, 2012).
Incumbent organisations spend the vast majority of their 
technology budgets on upgrading existing technologies (Rob-
erts, 2007), especially if innovation cycles are long and costly as 
in many EIIs. This type of incremental innovation reaches its 
limits when companies are forced to seek more radical innova-
tion. This happens under a certain pressure on their industries, 
for example when the political signs point to decarbonisation 
and switch to fossil-free feedstocks. Existing solutions in one 
industry are oftentimes not sufficient for generating radical in-
novation, leading companies to search for solutions (i.e. knowl-
edge, technologies or products) also outside traditional indus-
try boundaries (Hahn, 2015). This can happen in the form of 
outside-in cross-industry innovation, in which organisations 
adapt established solutions from other industries (Gassmann 
et al., 2011). It can also take the shape of horizontal collabora-
tion between two or more companies across industry lines. The 
formation of such cross-industry innovation alliances is still a 
fairly new topic both in academic literature and industrial prac-
tice (Hahn, 2015). Companies rarely perform cross-industry 
assessment as part of their innovation strategies (Nolf et al., 
2012), which is why the role of intermediaries in such collabo-
rative ventures has received some attention (see e.g. Gassmann 
et al., 2011). Such open innovation processes also often follow 
more of a trial-and-error approach instead of a professionally 
managed process. This has drawn some criticism, as a more sys-
tematic approach to cross-industry innovation promises better 
economic outputs (Hahn, 2015).
Low-carbon innovation – in search of a holistic approach
The debate around climate change mitigation as a societal and 
economic imperative has bred countless concepts surrounding 
sustainable development and innovation. Earlier work focussed 
more on eco-innovations, i.e. products, processes and organisa-
tional forms that help reduce different kinds of negative envi-
ronmental impacts (e.g. Rennings, 2000), while later work took 
a more holistic view on sustainability, covering both environ-
mental and social aspects in a range of terms such as sustain-
able, sustainability-driven or sustainability-oriented innovation 
(e.g. Arthur D. Little (ADL), 2005; Klewitz & Hansen, 2014; 
Wüstenhagen, 2008). 
Adams et al. (2012) observe a somewhat parallel develop-
ment from a reactive approach to sustainable innovation in the 
early 1990s (i.e. companies making incremental low-carbon 
innovations in response to specific changes in regulations or 
market conditions) to a more proactive approach (i.e. compa-
nies innovating out of a broader perspective on their activities’ 
social and environmental impact). The authors also differenti-
ate between two schools of thought in research on sustainabil-
ity-oriented innovation: one focussing on a series of step-wise 
innovation in a desired direction (incremental innovation) and 
one emphasising the need for larger, more disruptive transfor-
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mation (radical innovation). Lema et al. (2015), among others, 
take the latter approach, citing Schumpeter’s ‘creative destruc-
tion’ (Schumpeter, 1942) to emphasise the need for the disman-
tlement of existing economic systems in order to create more 
sustainable ones in their place.
Low-carbon innovation falls within the scope of sustainable 
innovation but tends to be defined more narrowly, focussing on 
a reduction of GHG emissions while not necessarily covering 
other planetary issues such as water scarcity or biodiversity loss 
(Lema et al., 2015). Polzin (2017, p. 525) describes it as “the 
development and diffusion of clean technologies (eco-inno-
vation) with simultaneous withdrawal from carbon-intensive 
technologies based on fossil fuels”. This emphasises two aspects 
of low-carbon innovations: a reduction or avoidance of GHG 
emissions (through “clean” technologies) and the phasing-out 
of fossil fuels. Other publications see the latter aspect as less 
of a necessary precondition than the former: Technologies for 
carbon capture and utilisation (CCU) and carbon capture and 
storage (CCS) are often mentioned in the context of low-carbon 
innovation, as they are designed to prevent carbon emissions 
from escaping into the atmosphere, while still allowing for the 
use of fossil fuels (e.g. Liu & Liang, 2011).
A strong focus on technological solutions is often applied 
in the context of low-carbon innovation, while a more holis-
tic view also includes non-technical types of innovations (e.g. 
social innovation, business model innovation) that are aimed 
at reducing GHG emissions (e.g. Bergmann et al., 2010). Bell 
(2009) argues that for low-carbon innovation the direction of 
innovation is more important than the rate of innovation. Berg-
mann et al. (2010) call attention to the fact that defining low-
carbon innovation as “innovation that contributes to reduction 
in carbon emissions from human activities” could refer either 
to the intention behind the innovation or to its outcome, and 
that the two may not coincide. The authors go on to argue that 
both motivation and impact of the innovation should be of rel-
evance when describing an innovation as low-carbon.
Innovation in energy-intensive industries – a lack of 
customers
Energy-intensive industries like steel, chemicals, paper or ce-
ment are a crucial part of the global economy, producing the 
basic materials that we use for infrastructure, buildings, trans-
portation, machinery and a vast range of consumer goods. As 
their production processes require very high levels of energy 
and resource inputs, they are also responsible for a large amount 
of GHG emissions. In recent decades, these industries have 
made considerable improvements in energy and resource effi-
ciency by means of incremental process innovations. However, 
this approach is no longer sufficient in the light of the target set 
by the Paris Agreement to keep global warming well below 2 °C. 
The goal of reaching net-zero emissions requires more exten-
sive and more radical low-carbon innovation, which includes 
the development of entirely new core production processes. 
Such processes are needed to either replace fossil feedstock with 
renewable resources, fossil fuels with renewable energy (elec-
tricity, hydrogen) or apply CCS or CCU where this is an option. 
Thus, compared to other industrial branches, EIIs are met with 
unique challenges both from a technical and an innovation per-
spective (Åhman et al., 2017; Wesseling et al., 2017). 
Continuous incremental efficiency improvements aside, 
most production processes in EIIs have remained practically 
the same for decades. The market for basic materials is a highly 
competitive commodity market largely driven by price. Indus-
try structure is characterized by high capital intensity, large var-
iations in prices, low profit margins, and long payback times, 
investment cycles and equipment lifetimes. The market is ruled 
by large incumbents, which creates high barriers to market en-
try and leads to inertia. With the exception of the chemicals 
industry, R&D investment in EIIs is low compared to other 
industries, consequently resulting in low rates of innovation. 
Scaling up radical innovation is costly and oftentimes risky, and 
the economies of scale achieved in established technologies are 
difficult to compete with (Wesseling et al., 2017).
Radical process innovations in EIIs have occurred sporadical-
ly in the past and were mainly motivated by economic incentives 
(e.g. through increased product quality, production capacity or 
energy savings), which is not currently the case for the required 
low-carbon innovations (Åhman et al., 2017). So far, there is a 
lack of both supply and demand for low-carbon basic materials, 
which may be due to the fact that industries and their products 
are far from the end-consumer. Because there is no market ad-
vantage to be expected from marketing a material’s low-carbon 
properties, companies have had little incentive to invest in costly 
new production processes, as currently there appears to be no 
willingness on the part of customers and the general public (end 
users) to accept price increases (Wesseling et al., 2017).
Research Methodology
CONCEPTUAL CLASSIFICATION OF THE RESEARCH QUESTION
The three previous sections have made it clear that three main 
strands of innovation theories can currently be used for the 
conceptual classification of the research question: What are 
key factors influencing the successful implementation of cross-
industry collaboration projects for low-carbon innovation in 
EIIs? These three strands include the relatively recent phenom-
enon of cross-sectoral innovation, a less holistic approach to low-
carbon innovation and the specific characteristics of innovation 
in energy-intensive industries. Thus, if we want to take a closer 
look at cross-industry collaboration for low-carbon innova-
tions here, the conceptual focus is on the specific intersection 
of these theoretical strands, as Figure 1 illustrates. Whether this 
conceptual focus can be further developed beyond this paper to 
answer the present research questions will have to be examined 
in future research
RESEARCH APPROACH
Due to the explorative nature of this research question and the 
lack of pre-existing work on this specific interface of innova-
tion approaches, we follow an inductive research approach, “in 
which the researcher uses observations to build an abstraction 
or to describe a picture of the phenomenon that is being stud-
ied” (Lodico et al., 2010). 
RESEARCH DESIGN
The explorative research design of the already mentioned RE-
INVENT project comprises a multi-step qualitative analysis 
of data collected, by means of expert interviews and desktop 
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research, for 18 different innovation case studies (conducted 
between 2018 and 2019). The case study work focussed on low-
carbon innovations in four different EIIs (steel, plastic, paper, 
meat & dairy). The cross-industry collaboration aspect, with 
which we are particularly concerned in this paper, was original-
ly not explicitly operationalised as a separate research question. 
However, in addition to a number of other research themes 
within the project, a special focus was placed on the non-tech-
nical drivers and barriers in the implementation of the various 
innovation projects, and from this research dimension the im-
portance of cross-industry collaboration became increasingly 
clear in the semi-structured interviews and the evaluation. 
1. The specific research question addressed in this paper arose 
during and especially after the completion of the case study 
work3. In order to check whether this research question can 
be dealt with on the basis of the existing database, all 18 RE-
INVENT cases were therefore examined in a first analytical 
step for aspects of cross-industry collaboration4. Three cases 
were found that can be categorized as cross-industry low-
carbon innovation projects in EIIs based on the literature 
review and were thus chosen for further analysis. In addi-
tion to the data from the REINVENT project, we decided to 
add the IN4Climate.NRW initiative as a fourth case study to 
the analysis conducted in this paper. While no in-depth case 
study was undertaken for this in the REINVENT project, 
the initiative is of unique interest for the analytical scope of 
this paper: It is a multi-industry organisational innovation 
whose purpose lies in fostering further radical low-carbon 
innovation in EIIs. In addition, one of the other innovation 
cases studied in this paper (Carbon2Chem) laid some of the 
groundwork for the IN4Climate.NRW initiative. Lastly, the 
research project SCI4Climate.NRW, which accompanies the 
3. Summary report of case studies available here: https://static1.squares-
pace.com/static/59f0cb986957da5faf64971e/t/5d23b2550832210001a0
2b65/1562620507471/D3.3+Summary+of+Decarbonisation+Case+Studies.pdf.
4. Report on non-technical drivers and barriers available here: https://static1.
squarespace.com/static/59f0cb986957da5faf64971e/t/5dc41e4149d3b81bac
a39f62/1573133911248/D3.6+Drivers+of+low-carbon+innovation.pdf.
initiative from a scientific perspective, is led by the Wupper-
tal Institute, allowing for easy access to expert information. 
2. In a second analytical step, a qualitative content analysis of 
the data collected for the three REINVENT cases (interview 
data, desktop research) as well as IN4Climate.NRW (desk-
top research, internal communication within the SCI4Cli-
mate.NRW project) is conducted, focussing on the differ-
ent influencing factors driving the implementation of each 
specific cross-industry innovation project. For IN4Climate.
NRW, special attention is also paid to the ways in which IN-
4Climate.NRW (as a platform for collaboration) and SCI-
4Climate.NRW (as a hub for the creation and exchange of 
knowledge) themselves aim to drive the implementation of 
cross-industry low-carbon innovation projects. The four 
cases and the specific drivers found in the content analysis 
are described in the following chapter.
3. In a final aggregative step, by means of categorising and 
comparing the observed drivers and barriers, five key in-
fluencing factors that drive cross-industry collaboration for 
low-carbon innovation in EIIs are identified. These influ-
encing factors are also discussed along the three theoretical 
strands in the corresponding chapter.
POTENTIAL LIMITATIONS
There are some inherent limitations to this paper and its meth-
odology. Only a small selection of cases is analysed, which does 
not cover the whole range of EIIs. One reason for this is that 
although the case selection in the REINVENT project was lim-
ited to low-carbon innovations in EIIs, the criterion of cross-
industry collaboration did not originally play a role. Hence, the 
number of cross-industry cases was purely coincidental. Not 
least, however, it is also due to the fact that EIIs are still in the 
early stages of their low-carbon transformation and that there 
are not yet many cross-industry innovations in this area. There-
fore, the paper cannot claim to present drivers and barriers of 
cross-industry innovation in EIIs in their full range, but only 
to show the non-technical factors that need to be considered in 
order to drive them forward.
In-Depth Case Studies
ENERKEM WASTE-TO-CHEMICALS PLANT, ROTTERDAM, THE NETHER-
LANDS
Canadian technology provider Enerkem has developed a chem-
ical recycling technology that produces syngas from (hydro)
carbon wastes, such as biomass and plastics. The syngas is con-
verted to methanol, which can be used to produce a range of 
(intermediate) chemicals. As part of a big cross-industry con-
sortium, Enerkem is now planning to build their first Europe-
an plant within the industrial cluster at the Port of Rotterdam 
(Bauer et al., n.d.; Tönjes et al., 2019). The initiative for the Rot-
terdam plant started as a collaboration of Enerkem (a Canadian 
technology provider), AkzoNobel (now Nouryon, a chemical 
producer), Air Liquide (a supplier of industrial gases), Renewi 
(a waste management company) and the Port of Rotterdam (Eu-
rope’s largest seaport and major industrial logistics hub). A few 
players changed over time, with Renewi leaving the project and 
 
 
Figure 1. Cross-industry low-carbon innovation in EIIs as the 
intersection of a Venn diagram.
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Shell (bio-fuels) becoming a partner. The project receives public 
funding from the Government of The Netherlands, the Prov-
ince of Zuid-Holland and the City of Rotterdam (Bauer et al., 
n.d.). The technology was originally developed with the aim of 
tackling waste disposal and low-carbon transportation (Bauer 
et al., n.d.). At its Canadian plants, the company converts the 
methanol to ethanol (Chornet et al., 2009), which is recognised 
as bio-ethanol for automotive fuel application under the U.S. 
Renewable Fuel Standard (Stolte, 2018). This conversion step 
is not necessary if there is a market for bio-methanol. While 
the timing for the planned Rotterdam site seemed to also be 
driven by European regulatory developments on biofuel stand-
ards, the methanol produced at the facility is expected to be 
used mainly as feedstock for chemicals production at adjacent 
sites of Nouryon and Shell. The question of the chemicals’ ap-
plication is key, and so is the collaboration with the chemical 
producer (Bauer et al., n.d.).
The Port of Rotterdam has an interest in keeping investments 
and employment in the area, and has set out to become the 
‘most sustainable port in the world’. It is actively searching for 
new technologies and markets that can help sustainably trans-
form and decarbonise the largely fossil-based cluster. This is 
a valuable perspective in terms of pushing cross-industry in-
novation: Recognising the cluster’s unique opportunities of 
bringing together the existing waste management system and 
local chemical production was key – and ultimately influenced 
Enerkem’s decision to pick Rotterdam as the site for its first 
European plant. Even with the Port of Rotterdam bringing the 
different parties to the table, a big hurdle to overcome was and 
is the complexity of the project and large number of involved 
parties. Each partner brings their own perspective, shaped by 
their individual background. This led to big challenges in the 
initial phase of forming a project consortium and continues to 
be a considerable barrier as it makes processes more complex 
and slow-moving (Bauer et al., n.d.).
A key barrier to project implementation lay in the large 
amount of capital required for the waste-to-chemicals (W2C) 
plant, which turned out to be relatively difficult to obtain. The 
final investment decision is, at the time of writing, still pending. 
But the project has many positive aspects (e.g. important play-
ers involved and innovative sustainable promise) that could 
help to obtain the funding (Bauer et al., n.d.).
While the basic technology to convert municipal waste into 
methanol is already in commercial use at Enerkem’s Canadian 
site, the complexity of the cross-industrial project does not 
allow for a simple “copy and paste” approach. Transferring 
the technology from Edmonton to Rotterdam is only one 
part of the equation, Enerkem’s expertise is only part of the 
knowledge needed for the innovative project to succeed. The 
technology provider’s project partners’ expertise covers many 
other areas along the W2C value chain: Adapting to the lo-
cal waste management system, considering requirements for 
different potential uses of the resulting methanol, a range of 
questions of logistics and infrastructure, taking into account 
national and EU policy on waste treatment and biofuels, etc. 
Since Renewi left the consortium, there is no company from 
the waste sector committed to the project, so the project is 
now lacking this kind of expertise. The search for downstream 
co-operators from the chemical industry also continues (Bau-
er et al., n.d.). 
The W2C project is seen as a first step toward more industrial 
symbiosis (i.e. “the process by which wastes or by-products of 
an industry or industrial process become the raw materials for 
another“ (European Commission, 2018)) and a more circular 
economy: On the one end of the value chain, Nouryon acts as a 
supplier of hydrogen, a by-product of its chlorine production. 
On the other end of the value chain, the bio-methanol can then 
be supplied back to the chemical industry as a feedstock for the 
production of a range of chemicals, some of which will end up 
back in the waste stream. If the project turned out a commercial 
success, it could function as a blueprint for the development of 
a knowledge cluster on waste-to-value technologies (van Arkel, 
2018).
DURASENSE BIOCOMPOSITE, HYLTEBRUK, SWEDEN
In 2014, Finnish pulp and paper company Stora Enso launched 
an R&D project to develop a biocomposite material. In collabo-
ration with small local enterprises with expertise in plastic con-
verting, it developed DuraSense; in 2018, first products made 
from the new material were launched (Tönjes et al., 2019). Du-
raSense is quite literally a product of cross-sectoral innovation: 
By embedding wood fibres in plastic, the material has proper-
ties that cannot be achieved by either component individually. 
Biocomposites are already used in a wide range of applications, 
from automotive upholstery to indoor furniture to noise insu-
lating panels (La Mantia & Morreale, 2011).
The innovation process was born out of a need to diversify. 
In the Swedish town of Hyltebruk, two paper machines oper-
ated by Stora Enso had to be shut down in 2014, raising the 
question of other potential business opportunities that could 
benefit from existing knowledge and infrastructure, as well 
as newly freed-up resources, space and equipment. Engineers 
with experience in the pulp and paper industry were hired to 
strengthen the project’s research competence. In order to fill 
in large gaps in expertise on the plastics side, different forms 
of informal collaboration with other (downstream) compa-
nies (e.g. Orthex, a manufacturer of plastic household goods) 
were initiated. This allowed them to understand the market, 
identify product needs and ensure functionality along the 
value chain. One way in which collaboration was realised was 
through the organisation of workshops with machinery devel-
opment firms, polymer suppliers and other actors along the 
value chain. While there was no formal collaboration between 
equal partners (e.g. a joint venture), cross-industry coopera-
tion was nevertheless crucial. By working with firms develop-
ing equipment for compounding plastics, injection moulding 
experts and plastic converters, Stora Enso ensured an iterative 
development process for testing the material took place as de-
velopment progressed. Instead of working with a partner from 
the plastics industry equal to them in size, Stora Enso chose 
to collaborate with smaller, regional firms to test the material’s 
properties. It was deemed easier to collaborate with smaller yet 
well-established companies in order to minimise bureaucratic 
friction, sacrificing scale for easy coordination. Rather than 
forming a large joint venture, the collaboration was built on 
trust and proximity (Bauer et al., n.d.).
While the DuraSense innovation process is more incremen-
tal in nature than the other cases covered in this paper, it can 
still be considered an important step toward more cross-indus-
try innovation for a biobased economy. Moving towards the 
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production of chemicals in biorefineries has been quite diffi-
cult. Biocomposites can be seen as a way for the pulp and paper 
industry to move toward producing chemicals and plastics, al-
though still firmly connected to the production of fibres, which 
is at the core of the industry’s knowledge (Bauer et al., n.d.).
CARBON2CHEM CHEMICALS FROM BLAST FURNACE OFF-GASES, NRW, 
GERMANY
The Carbon2Chem project, established in 2016, is a large-scale 
collaborative innovation project at the intersection of the steel 
and chemicals industries. The CCU technology allows blast 
furnace off-gases from the steel industry to serve as a raw ma-
terial for the production of chemicals for applications such as 
fuels, fertilizers and plastics. The project is mainly located in 
NRW, a federal state of Germany that is home to many compa-
nies operating in EIIs. The project was initiated by steelmaker 
Thyssenkrupp and two research institutions, Fraunhofer Insti-
tute for Environmental, Safety and Energy Technology (UMSI-
CHT) and Max-Planck-Institute for Chemical Energy Conver-
sion (MPI CEC). The consortium grew to include 18 partners 
from industry and science, including large chemicals producers 
like BASF, Covestro and Evonik. The overall investment for the 
first project period (2016-2020) is 84 million EUR; until com-
mercialisation, project partners expect to invest over 1 billion 
EUR (BMBF, 2016). The project aims for industrial application 
within 15 years (Bauer et al., n.d.; Tönjes et al., 2019).
One general advantage of collaboration between big cor-
porations from different industries is that there is no issue of 
direct competition. The large Carbon2Chem consortium, how-
ever, contains direct competitors from the chemical industry. 
Issues of compliance and confidentiality slowed down the pro-
cess until the contracts were signed. In the same vein, another 
important hurdle to overcome is what could be described as 
a “language barrier” between companies from different in-
dustries, as well as between industries and research partners: 
Partners had different understandings of certain processes. A 
main barrier was bringing this diverse group of corporations 
and research institutions together in a safe environment and 
with tools and structures in place to implement a steady dia-
logue and exchange of knowledge . As with the other cases, 
geographical proximity and regional characteristics were es-
sential driving factors for Carbon2Chem. The steel and chemi-
cal industries in NRW are located closely together (Bauer et al., 
n.d.). This is especially key for innovation projects involving 
industrial symbiosis: The supplier of the resource (in this case 
the steel industry) and the consumer of the resource need to 
be physically close together to minimize the need for transport 
and building of additional infrastructure.
Members of the Carbon2Chem consortium have stated that 
climate policy has been a key driver for the project. The Ger-
man government’s Climate Protection Plan 2050 as well as the 
European Union’s Emissions Trading Scheme (EU ETS) were 
stated to have motivated project initiation, while the Paris 
Agreement was perceived as a “wake-up call” regarding the 
growing need for taking concrete steps toward deep decarboni-
sation. The case of Carbon2Chem shows that the role of gov-
ernment actors in cross-industry collaboration projects should 
not be underestimated. A competition between “top clusters,” 
initiated by the German Federal Ministry of Education and Re-
search (BMBF) and aiming for the exploitation of cross-indus-
try potentials regarding the saving of resources, can be seen as a 
starting point. It brought the steel and chemicals industries to-
gether and – even though the proposal for the competition was 
not accepted – the newly established contacts remained intact 
and exchange continued. The BMBF’s competition led to the 
evolvement of CleanTech.NRW, a regional platform aimed at 
bringing businesses together, which helped lay the groundwork 
for the creation of Carbon2Chem. The BMBF also played an 
important role by providing EUR 62 million in public funding, 
which helped mitigate some of the risk posed to the consor-
tium by the prospect of a long research phase and the lack of a 
working business case. This also helped to establish the BMBF 
as a facilitator and provider of structure in the project by put-
ting certain funding requirements in place (e.g. involving board 
members from all companies in a steering committee which 
monitors the project). The BMBF can be seen as an enabler for 
more visibility, higher legitimisation and increased transpar-
ency, while the support and expertise from external research 
facilities on an overarching level is also considered to be a key 
success factor (Bauer et al., n.d.).
Carbon2Chem shows how cross-industry innovation pro-
jects can build on one another. Carbon2Chem was, in itself, a 
pioneering project in terms of sheer size, complexity, and in-
vestment volume. It was also the foundation for the creation 
of the IN4Climate.NRW initiative, which is much larger and 
more complex still. The organisational set-up and methodol-
ogy of Carbon2Chem facilitated a more targeted and informed 
organisational process for the initiative, as is outlined in the 
following chapter.
IN4CLIMATE.NRW, AN INITIATIVE FROM INDUSTRY, SCIENCE AND GOV-
ERNMENT, GERMANY
As described in the case of Carbon2Chem, the German federal 
state of NRW is a hub for EIIs including, but not limited to, 
chemicals, steel, non-ferrous metals, glass and paper. These 
industries are an important mainstay of the state’s economy, 
providing jobs to over 1,370,000  people, around 19.6  % of 
NRW’s total workforce. It is also responsible for 54.7 million 
tonnes CO2 emissions in 2017, which is 19.9 % of NRW’s total 
emissions. IN4climate.NRW was created by the Ministry of 
Economic Affairs, Innovation, Digitalisation and Energy of 
the State of NRW (MWIDE) as a platform for dialogue and 
collaboration between experts from industry, science and 
politics. Their shared goal is to develop innovative strategies 
and solutions for climate-neutral industrial products and 
processes. Specifically, the initiative aims to develop a coher-
ent picture of a climate-neutral and resource-efficient basic 
materials industry, create technology roadmaps, foster big-
ger pilot projects and the testing of business cases, build up 
a knowledge hub for the transition to a climate-neutral basic 
materials industry in NRW, and show expedient framework 
conditions on a state, federal and EU policy level (IN4climate.
NRW, n.d.).
The initiative consists of a complex organisational structure 
to ensure its functionality across the many represented fields 
of expertise and broad range of objectives. This includes the 
Head Office coordinating the initiative, industry partners par-
ticipating in a continuous dialogue process, and the research 
project SCI4Climate.NRW, which supports the work of the ini-
tiative from a scientific perspective. Industry partners include 
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big industry associations as well as important players including 
steelmaker thyssenkrupp, chemicals producer covestro, Heidel-
berg Cement and many others. The Head Office coordinates all 
organisational activities, connects the initiative to national and 
international networks and identifies opportunities for fund-
ing and publication. Industry actors, researchers from the SCI-
4Climate.NRW consortium and representatives of the MWIDE 
convene regularly in plenary meetings (“innovation teams”). 
The innovation teams have formed working groups that get to-
gether in a regular workshop format and focus on cross-cutting 
issues that affect EII players in NRW, such as the role of hydro-
gen, the establishment of the necessary framework conditions 
or the building of a circular economy. Exchange between differ-
ent working groups is also crucial at certain points of intersec-
tion (IN4climate.NRW, n.d.).
The research project
The SCI4climate.NRW research project is the initiative’s sci-
entific competence centre, carried by six leading research in-
stitutes: Wuppertal Institute, Fraunhofer UMSICHT, German 
Economic Institute (IW), RWTH Aachen University, VDEh 
Institute for Applied Research (BFI) and the German Cement 
Manufacturer’s Association (VDZ). The project is designed to 
show possible ways to achieve a climate-neutral, energy-inten-
sive industry in NRW, in close cooperation with the IN4climate.
NRW initiative and the industrial companies working within it. 
This results in a complex field of research that must react flex-
ibly to current political processes and initiatives of the industry 
so that the results can also have an impact, for example, on the 
design of possible infrastructures in NRW. SCI4Climate’s dif-
ferent Topic Fields cover a range of perspectives: technology, 
process chain, overall system integration, and framework con-
ditions. Connections are drawn and dialogue fostered between 
the topic fields and the innovation teams’ working groups to 
ensure a holistic approach and avoid information asymmetry 
(SCI4climate.NRW, n.d.).
The coordination between the research project and the 
broader initiative has an important place within the research 
project’s organisational structure, ensuring a smooth exchange 
between the scientific base and the industrial and governmen-
tal actors. There are workshops and other formats for exchange 
to facilitate the understanding and documentation of the exter-
nal and internal links within and between the project’s diverse 
subject areas and establish a collaboration reflecting this un-
derstanding. This includes exchange about strategic issues like 
the identification of relevant research questions or possibilities 
for the creation of innovative business models in EIIs (SCI4cli-
mate.NRW, n.d.).
SCI4Climate.NRW also includes a “Scientific Academy”, a 
project-internal exchange and training programme intended 
to create a culture of discussion in the project and thus enable 
a deeper mutual understanding of the background knowledge 
of the research partners’ specific topics. While this includes 
the discussion of project-related topics, it is also explicitly 
designed to cover thematically more extensive subjects, both 
reflecting and strengthening the project’s innovative capacity. 
The industrial collaboration across sectors that distinguishes 
the initiative is thus reflected in the interdisciplinary cross-
topic collaboration within the research project (SCI4climate.
NRW, n.d.).
First results
In the scope of this paper, the IN4Climate.NRW initiative is a 
special case: It is, in itself, a big cross-industry organisational 
innovation project, unique in its size and complexity, while at 
the same time aiming to foster other cross-industry innovation 
projects. The initiative has begun to generate first results. A 
discussion paper on the potential role of hydrogen for indus-
try in NRW5 was published in October 2019 as a contribution 
to the development of the national hydrogen strategy by the 
Hydrogen Working Group. The Circular Economy Working 
Group has produced a concept paper on the perspectives of 
chemical recycling for plastic waste as a common ground for 
the group’s future work. Overall, a lot of mutual learning has 
already taken place in the different working groups. Industry 
and scientific partners have benefitted from collaboration: In-
dustry actors gain an overview of the current scientific state 
of the art as well as future perspective through the research-
ers’ modelling and scenario work. Research institutions gain 
insight into issues that drive industry actors in real time as well 
as different options, technological or otherwise, that compa-
nies are considering. All partners have benefitted from learning 
each other’s languages and perspectives. The initiative’s work so 
far has shown that through the creation of an institutionalised 
regional network, possibilities for dialogue and exchange can 
open up on a national or European level as well. In terms of 
political engagement, IN4Climate.NRW is providing a platform 
for companies to develop and communicate joined political po-
sitions and demand, instead of large companies and industry 
associations always representing their own interests separately. 
While the initiative is still in early stages, IN4Climate.NRW has 
helped create the necessary conditions for cross-industry col-
laboration, joint proposals and innovative R&D projects to take 
place (IN4climate.NRW, n.d.).
Analysis and Discussion
From the analysis of the case study reports, as well as through 
understanding the different ways in which the IN4Climate.
NRW initiative aims to foster cross-industry innovation in 
NRW, five key factors can be identified that can drive the im-
plementation of cross-industry low-carbon innovation pro-
jects in EIIs.
(1) MITIGATION OF FINANCIAL RISK
As established in the literature review, R&D spending is com-
paratively low in the capital-intensive EIIs, with the exception 
of the chemicals industry. Radical innovation in the past has 
been motivated mainly by economic incentives. There was a 
return on investment to be expected through increased pro-
ductivity, the use of better feedstocks or large efficiency gains. 
This sort of business case is often lacking for businesses look-
ing to invest in radical low-carbon innovations. Scaling up new 
innovative production technologies is expensive, and there is 
no significant customer base willing to pay a premium for the 
materials’ low-carbon properties. This is why many low-carbon 
innovation projects peter out in early stages of R&D.
5. Discussion paper available here: https://www.in4climate.nrw/newsroom/pub-
likationen/.
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Cross-industry innovation can provide some solutions for 
these issues: By starting collaboration at the beginning of the 
innovation process, companies can share some of the financial 
risk. Bringing a commercial consumer in early (like Enerkem 
collaborating with chemicals producers in the W2C project) 
can mitigate financial insecurity and help create a business 
case. IN4Climate.NRW also fosters the development of innova-
tive low-carbon business models that can help in the creation of 
business cases through cross-industry collaboration. Further-
more, large cross-industry consortia tackling GHG emissions 
can also attract public funding, which can further improve fi-
nancial prospects and can help involved partners to make an 
investment decision. Public funding played a role in all cross-
industry innovation projects analysed for this paper except for 
DuraSense (which could be attributed to special circumstances 
after the shutting-down of the paper mills that freed up a lot of 
resources). 
(2) POLITICAL FRAMEWORK CONDITIONS
The literature on low-carbon innovation shows that there has 
been a shift among companies from a reactive to a more proac-
tive approach to low-carbon innovation. The case study results 
indicate that this shift has continued, as companies are open-
ing up to looking across company and industry lines to move 
toward deep decarbonisation, thus taking the opportunity to 
shape the upcoming change themselves. The Port of Rotterdam, 
for example, has set itself the goal of becoming the world’s most 
sustainable port. In the Carbon2Chem case study, the impor-
tance of the companies joining such complicated projects of 
their own accord became clear. Many industrial actors in NRW 
were motivated to join the IN4Climate.NRW initiative early on. 
The case studies revealed that big political signals like the Paris 
Agreement as well as clear framework conditions like the EU 
ETS play a key role for this shift in mind-set. 
(3) INSTITUTIONALISED CROSS-INDUSTRY EXCHANGE
The search for knowledge, technologies and resources outside 
traditional industry lines can be an important driver for radical 
innovation. However, the literature review also revealed that 
companies rarely assess opportunities across industry lines as 
part of their innovation strategies. Cross-industry innovation 
is therefore often driven by opportunities for cross-industry 
exchange provided by third parties, such as government ac-
tors. This came through particularly clearly in the case of 
Carbon2Chem, which came together as the result of the Top 
Clusters competition and the CleanTech.NRW platform, and 
which in turn influenced the creation of IN4Climate.NRW. The 
platform, again initiated by government actors, has institution-
alised this cross-industry exchange, and much of their work lies 
in the creation of opportunities for exchange between differ-
ent EIIs. It provides a platform, neutral spaces and formats for 
targeted discussion and the exchange of knowledge and ideas. 
In this context, the role of scientific actors for the exchange, 
collection and processing of knowledge in big cross-industry 
consortia should also be mentioned.
(4) PROFESSIONAL MANAGEMENT AND COORDINATION
Once cross-industry exchange has taken place and an idea for 
an innovation project has formed, the diversity and large num-
ber of actors continues to be a key barrier to success. Large, 
complex innovation consortia comprising a wide range of dif-
ferent partners with different perspectives, knowledge bases 
and interests are slow-moving and involve a lot of bureaucratic 
“red tape”. This can slow down and impede development, the 
signing of contracts and final investment decisions, leaving the 
project vulnerable to the withdrawal of key partners. The litera-
ture showed that a point of criticism regarding open innovation 
processes is that they often follow trial-and-error approaches 
instead of professionally managed processes. For cross-indus-
try innovation, this can be particularly problematic: Organis-
ing on-going work, preventing information asymmetries and 
maintaining mutual trust is a big task that often cannot be car-
ried by one of the partners. The DuraSense case revealed that 
avoiding bureaucratic hurdles was one of the reasons Stora 
Enso decided to collaborate with smaller companies in an in-
formal manner. For many cross-industry innovation projects, 
this is not an option, so that this organisational barrier needs to 
be overcome in a different way.
The case of Carbon2Chem shows the importance of having 
a professional structure in place, in this case enforced through 
funding requirements set by the BMBF. IN4Climate.NRW built 
on this insight, constructing a detailed organisational struc-
ture that does justice to the complexity of the initiative and 
its members and designating several different levels of project 
management. In these cases, government actors took on key 
coordinating roles but this can also be fulfilled by non-govern-
mental actors. The Port of Rotterdam, for example, has a unique 
position in the W2C project as it has an interest in bringing 
innovation to the region and representing the interests of the 
companies already located in the industrial cluster surround-
ing the port.
(5) REGIONAL INTEGRATION
Regional proximity of partners can be a key driver for cross-
industry innovation projects – even beyond practical con-
siderations around infrastructure. In the case of DuraSense, 
Stora Enso as the main actor chose partners for collaboration 
based on proximity rather than size. In the W2C project, Rot-
terdam was chosen as a site for the first European Enerkem 
plant because of the strong presence of the chemical industry 
in the cluster. In Carbon2Chem, NRW as a hub for both steel 
and chemical industry, as well as a strong research landscape, 
provided the necessary conditions for such a large industrial 
symbiosis endeavour. This was a first step toward institution-
alising regional integration, which was then taken to a higher 
level in the IN4Climate.NRW initiative, showing how regional 
integration can be a multiplier for cross-industry innovation. 
In regions and clusters where such collaboration takes place, 
partners and facilitators can use the knowledge and experience 
they gain to initiate new collaborative innovation projects and 
shape them in a beneficial manner.
Conclusions
Cross-industry collaboration for low-carbon innovation in EIIs 
is still a fairly new phenomenon; most of the innovation pro-
jects analysed for this paper are still in early stages, so that no 
conclusions can be drawn on the successful implementation of 
the innovations themselves, nor their contribution to the decar-
bonisation of these industries. However, some key factors have 
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been identified that can influence the initiation and successful 
implementation of such cross-industry collaboration projects: 
the opportunity to mitigate financial risk and attract funding, 
clear political framework conditions, the institutionalisation 
of cross-industry exchange, professional project management 
and coordination, as well as opportunities for regional integra-
tion can all drive collaborative innovation processes. Actively 
fostering collaboration through shaping these factors can thus 
contribute to the decarbonisation of EIIs, as cross-industry ex-
change and collaboration can help companies from different 
industries identify common goals and needs, which may lead to 
the formation of new pathways that may otherwise have been 
left unexplored.
Some of the factors identified in this paper that influence the 
successful implementation of cross-sectoral innovation are also 
reflected in the three theoretical strands of innovation theories. 
For example, radical low-carbon innovations are costly and 
risky for industry, as the theoretical approach to Innovation 
in Energy-Intensive Industries shows. The cases have made it 
clear that this inertia can be partially broken through clear po-
litical framework conditions and financial support. The various 
forms of cross-industry cooperation in the cases studied are re-
flected in the theoretical strand on Cross-Industry Innovation, 
from horizontal to outside-in cooperation, to the finding that 
all these efforts are often still characterized by trial-and-error 
approaches. Finally, the cases also reveal that there is no pre-
existing theoretical transformation approach that can be used 
as a blueprint for the practical implementation of decarbonisa-
tion of EIIs. The cases presented in this paper should provide a 
contribution and further impulses for sharpening the existing 
theoretical approaches or for building a new, holistic theoreti-
cal approach. Many aspects of cross-industry collaboration are 
still unclear, for example the role of trusting relationships for 
stable collaboration. Future research could also build on these 
results by analysing the role of the identified key factors in 
other cross-industry low-carbon innovation cases and identi-
fying other potential influencing factors. As these innovations 
progress, one could also expand on the research by identifying 
driving factors in later stages of R&D, roll-out and scale-up. 
Lastly, the potential contribution of cross-industry innovation 
for deep decarbonisation in EIIs could be further explored. Its 
benefits could be weighed against potential trade-offs, such as 
potential carbon lock-in effects resulting from industrial sym-
biosis.
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